From a list of papers of an author, ranked in decreasing order of the number of citations to these papers one can calculate this author's Hirsch index (or h-index). If this is done for a group of authors (e.g. from the same institute) then we can again list these authors in decreasing order of their h-indices and from this, one can calculate the h-index of (part of) this institute. One can go even further by listing institutes in a country in decreasing order of their h-indices and calculate again the h-index as described above. Such h-indices are called by SCHUBERT [2007] "successive" h-indices.
Introduction
In a remarkable paper, SCHUBERT [2007] introduces the notion of "successive" h-indices (see also [PRATHAP, 2006] ). The principle is: calculate an h-index from a set of
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Scientometrics 77 (2008) h-indexes. For the well-known definition of the h-index we refer to HIRSCH [2005] . A basic example uses the h-index of authors (as described above). If we have a group of authors (e.g. working in the same institute) and if we calculate the h-index for every author as described above (level 1), we can rank these authors in decreasing order of their h-indices. On this we can calculate a new h-index (same definition), now representing (whole or part of) the institute (level 2).
We can even go further: if authors are coming from different institutes (say of the same country) we can, in this way, calculate the h-indices of the different institutes (level 2), rank these institutes in decreasing order of their h-indices and then calculate the h-index of this table (level 3), i.e. of this (aspect of this) country. We can even rank countries according to their h-index and calculate the h-index (level 4) of this table.
We have here a chain as follows:
countries → institutes → authors → papers → citations
Another example is given in [SCHUBERT, 2007] :
countries → publishers → journals → articles → citations (in each case "citations" refer to citations given to articles (papers) of authors/journals, respectively). Without realizing it at the time of the writing of EGGHE [2007] , this paper is the basis for the modelling of such successive h-indices. This will be developed in the present paper. We present concrete formulae for the calculation of successive h-indices in the case of Lotkaian informetrics at the different source-item levels. The use of Lotkaian informetrics is not controversial (see [EGGHE, 2005] , Chapter 1) since the wide applicability, including networks (see the many references in [EGGHE, 2005] ) and even if Lotka's law is not fully applicable, it serves as a first approximation of the real situation. In this model we show why the h-indices, at the different levels, in general, are decreasing when the level increases. We show that the h-index h i on level i (i = 1,2,3,...) equals
where T i-1 denotes the total number of objects at level i-1 and α 0 , α 1 ,..., α i-1 are the Lotka exponents for the Information Production Processes (IPPs) (source-item relations) (see EGGHE [2005] ) at the level 0,1,2,...,i-1 (more details further on). We also explain why the lists of h-indices at level i show lower values than at level i-1 for all i. This is illustrated by the results (Table 1 , 2, 3) in [SCHUBERT, 2007] . These different aggregate levels gave us the idea of defining a global h-index, i.e. where all articles (no matter of which level they are generated) are counted as belonging 379 to the same "meta author". Also for this h-index (denoted h') we derive a model and we show that
for all i = 1,2,3,... and for all objects at the different aggregate levels, i.e. h' is larger than all h 1 -indices of all authors, all h 2 -indices of all institutes, all h 3 -indices of all countries, and so on. This is done in 'The global h-index' section.
The different successive and global h-indices are then illustrated (in 'h', h 1 and h 2 for Price awardees' section) on the group of (still active) D. de Solla Price award winners (data from [EGGHE, 2006] ).
The paper ends with conclusions and suggestions for further research.
Model for successive h-indices
Our model for successive h-indices is based on our theory on distributions of the hindex [EGGHE, 2007] and on general formulae for the h-index in Lotkaian systems as proved in [EGGHE & ROUSSEAU, 2006] . We give an overview of the results in the sequel.
Suppose that the articles-citation size-frequency function (e.g. of an author) is Lotkaian:
where f(j) is the article density with citation density j and we will use j ≥ 1, C > 0, α > 1 (see [EGGHE, 2005] ). Also from [EGGHE, 2005] we have that T, the total number of articles, is given by 1 -
In this case, it is shown in [EGGHE & ROUSSEAU, 2006 ] that the h-index is given by
Staying within the framework of Lotkaian informetrics we assume that the authorarticle IPP has a size-frequency function as follows
(T ≥ 1: only authors with at least one article are considered, and D > 0, α 1 > 1): we are at level 1; from now on the article-citation relationship is considered at level 0 and, Scientometrics 77 (2008) henceforth, we will denote α = α 0 in (3), (4) and (5) (and h in (5) will be denoted by h 1 to indicate level 1).
Then it is proved in [EGGHE, 2007] that ϕ 1 (h 1 ) being the density of the number of authors with h-index h 1 equals
where α 0 , α 1 are as above and where
Hence we refind Lotka's law with exponent α 0 α 1 . This will be applied to calculate the h-index for higher aggregate levels 2,3,… .
The h-index h 2
The h-index h 2 is defined in [SCHUBERT, 2007] as the h-index of the ranked list of authors in decreasing order of their h 1 values. Hence this is the h-index of the IPP whose frequency function is given by (7).
It is clear that α 0 α 1 > 1 since α 0 > 1 and α 1 > 1. Then it is clear that (same argument as for (4) which is given in [EGGHE, 2005] ) the total number of authors (denoted S) is given by (use (6))
and, because of (8)
Since we have the law of Lotka on level 1 (formula (8)) we can apply (5) to level 1 in order to obtain the h-index for level 2 (h-index for a group of authors, e.g. an institute), denoted by h 2 :
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So the h-index h 2 on level 2, successive to the h-index h 1 on level 1 follows in a remarkably simple way from the theory of distributions of the h-index, presented in [EGGHE, 2007] . It is nice to see that the theory is ready before the application to successive h-indices is made!
In the same way we can define the h-index at levels 3,4,… . What follows is level 3.
The h-index h 3
Now we replace (3) by (7) (density of the number of authors with h-index 1 h ) and introduce (13), replacing (6):
being the density of the institutes with author density S ≥ 1 (F > 0, α 2 > 1). We again apply [EGGHE, 2007] , obtaining that the density of the number of institutes with h-index h 2 is given by (using (11) and (13))
where 0 1 2 , , α α α are as above and where 1 -
It follows from (13) (using again (4) at this level) that there are R institutes in total 1 -
(by (15)). Applying again (5), noting that (14) is Lotkaian, we have that the group of institutes (e.g. in a country) has a h-index (denoted h 3 , indicating level 3) given by
It is now clear how to proceed to higher aggregation levels 4,… . In this sequence we can define the article-citation relation as being on level 0 and the h-index on level 0 can simply be defined h 0 = C for a paper with C citations. We hence have a scheme as in Figure 1 . In each case a list of h i -values is produced per object (country, institute,…). Three such lists can be seen in [SCHUBERT, 2007] for the levels: countries → publishers → journals (and, of course journals → articles → citations).
A look at these tables directly reveals lower h i values for higher levels i, but a direct comparison is not possible since the ranks are for different objects (countries, publishers, journals) in the different tables. The models above give, however, a clear rationale for these lower h i values the higher the level i.
1. If we assume that top countries have the top institutes and that the top institutes have the top authors then we will have, in most top cases: R < S < T < C (heuristic argument) 3. By the very definition, h i+1 is the h-index of the ranked h i -table, hence h i+1 is a h i -value somewhere inside the h i -table and hence h i+1 << top h i -values which explains, heuristically, the decreasing values in consecutive tables.
The global h-index
Independent of the aggregation level: country or institute, for any group of authors, we can define a "global h-index" as the h-index of the "meta-author" which is composed of all the articles (and their citations) of the different authors in a group. This is similar (but in another context) with the definition of the global impact factor being the impact factor of a "meta-journal" composed of all the articles of the journals in a group: see [EGGHE & ROUSSEAU, 1996A,B] .
In order to construct a model for this global impact factor, we first need two lemmas.
Lemma III.1: Suppose we have situation (3) and (4):
with α > 1, the article-citation size-frequency function, given that the author has T articles (densities). Then the overall article-citation size-frequency function, denoted Φ(j), is given by
where A denotes the total number of articles. Hence we find the law of Lotka with the same exponent α. Lemma III.2: The total number of articles A is given by, if α 1 > 2:
We omit the trivial proofs.
Scientometrics 77 (2008) Note that it follows from (20) that also
as it should. We now have the following theorem.
Theorem III.3:
The global h-index h', being the h-index of the meta-author, is given by
The proof follows readily from (5) applied to (20) and using (21).
We can prove the following property of h ' in comparison with the successive hindices h 1 , h 2 and h 3 :
for all authors (h 1 -values), institutes (h 2 -values) or countries (h 3 -values). Indeed, for every author with T articles we have, by (5) that h = h 1 (first level) is given by 
That h' > all h 2 -values also follows from the following result:
with µ = A/S, the average number of articles per author. This follows readily from (23), (9), (21) and (12) This ends our theory on the successive and global h-indices. We close this paper by calculating an example. From this it is clear that the h-index of this table is h 2 = 13. Note that for successive h-indexes it is quite possible that we have to go down to the bottom of the table (e.g. if the last 5 h 1 -indexes are 14). This never occurs in the calculation of the h 1 indices themselves since citation tables always go down to low citation frequencies of articles.
For the global h-index h' of this group we have to merge the article-citation data of each author into one table in decreasing order of the number of citations to the articles. The result is given in Table 2 (truncated until we can calculate h'). It is clear that h' = 60. Note that, although we do not have the complete article-citation list of the Price awardees, but only up to their h = h 1 -index, it is possible to calculate h'. Indeed, by (24) we have that h' > all h 1 -values of the individual persons. Hence we only need to know each person's table up to the highest h 1 citation value.
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Note that, for the global h-index h' = 60, your present author does not participate in the calculation of h' since (as can be seen in [EGGHE, 2006] ) his article with the highest number of citations (at that time) was 47.
It is clear that your present author does participate in the calculation of the impact factor of level 2: h 2 = 13.
General remark: There are no levels for the global h-index h' as we had with the successive ones. Indeed, it is the same if we start from the level "countries", "institutes" or "authors" since the global list of articles and citations remains the same.
Conclusions and suggestions for further research
The successive h-indices, introduced in [SCHUBERT, 2007] , have been modelled in a Lotkaian framework. Formulae for h 2 , h 3 (and extendable to higher levels) have been provided and a rationale for their overall decrease (with increasing level) has been given.
We introduced the global h-index being the h-index of the meta-author defined via the merging of the articles-citations lists of all the authors in the group. We show that the global h-index is larger than any successive h-index h 1 h 2 , h 3 of all authors, institutes or countries.
It is clear that h' is an h-index which has different properties than the successive ones. We leave it as an open problem to further study the nature and applicability of all these h-indices.
However we are convinced that all these indices have good evaluation qualities in comparing different objects (authors, institutes, countries, or journals, publishers,…) as long as we use the same h-index. It would be interesting to find other applications for other general objects (e.g. research fields, databases,…).
*
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